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Why can 999 customers out of [O00 always 
find a Foxboro Chart to meet their specific 
process requirements? Why can you find a 
chart for practically * any temperature range 


imaginable? 


[t's Foxboro’s library of 666 Standard Re- 
cording Thermometer Charts which makes 


this unexcelled service possible. 


Such a library of charts cannot be acquired 
over night. Unhurriedly, over the years, we 
have tested each chart range, rejected many 
and retained the best. We offer you today the 


net result of 30 years of intimate knowledge 





FOXBORO 


REG. U. S. PAT. OFF 


THE COMPASS OF INDUSTRY 


of the temperature requirements of thousands 


of processes. 


When you buy a Foxboro Recording Ther- 
mometer you benefit by these three decades of 
extensive experience. You benefit by having 
at your service a sales engineer who can help 
vou with your process problems. You benefit 
by getting an instrument upon which you can 
depend for calibration accuracy, responsive- 
ness, and durability for many years to come. 


Write for your copy of the new Foxboro 
Thermometer Bulletin. 


*For the one customer in a thousand we are always glad—at a 
slight additional charge—-to make a chart to fit the unusual 
condition. 


THE FOXBORO COMPANY 


46 Neponset Ave. 


FOXBORO, MASS., U.S.A. 


Branch Offices tn 20 Prin ipal Cities 





| COMPARE THE NEW FOXBORO RECORDING THERMOMETER 






























Prevent Costly 
Burning of 


FURNACE ROOFS 





\ 
| - a : boot OU can't take chances on excessive furnace roof 
i | Brown Radiation Pyrometer Unit installed temperatures. It is too costly. Overheating not only 
on Open Hearth Roof connected to damages furnace roofs but also multiplies shutdowns for 
Recorder for First Helper. patching, and increases fuel consumption per ton. 


Brown Potentiometer Pyrometers installed on open hearth 
or heating furnace roofs enable you to hold roof temper 
atures below the danger line—get more heats per cam- 
paign—reduce repair and fuel costs per ton— insulate 
with safety. 


Temperature measurement by means of Radiation, Tuyere 
Type or Imbedded Thermocouples—Recording, Signal- 
ling or Automatic Fuel Cutoff—All are available in Brown 
Open Hearth Roof Temperature Systems to meet indi- 
vidual plant requirements and preference. 


i if Put a Brown Potentiometer Pyrometer on your furnace as 
ie a safeguard against costly overheating of furnace roofs. 
Easily installed on present or new equipment—requires 
no alterations in furnace structure or changes in method 


of operation. 


Write for information—Brown Instruments, a division of 
The Minneapolis-Honeywell Regulator Company, 
4482 Wayne Avenue, Philadelphia, Pa. Canadian Factory: 
117 Peter Street, Toronto, Canada. Offices in all Prin- 
cipal Cities. 





Brown Potentiometer Py- 


foocom DROWN POTENTIOMETER PYROMETER 


" MINNEAPOLIS-HONEYWELL CONTROL SYSTEMS 


To Measure and Control 1s to Economize 
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IN THIS ISSUE 


When the series on “listruments’ Read 
ers at) Work” was being planned, the 
expression “shirtsleeve sketches” often 

me up. Well, it turned out that our 
rst subject (C kK. Fry, last month) 
does not usually work in his shirtsleeves 
nd, since we aim to present a series of 
ecurate sketches, we had him photo 
eraphed as he alw Vs is to be seen at 

ork: dressed up and well-groomed. Our 
SECO subject, S. A. Parlin, likes to roll 

) his sleeves on entering the Gage De 
partment which he heads, so that this 
month we have a real“shirtsleeve sketch.” 
But this doesn’t mean that we intend to 

ternate regularly between dressy and 

lirtsleeve snapshots: we'll have you 
' 


raphed as vou are 


Sevel subscribers outside the radio 

lustry have asked us, “Do you know 
What all the instruments in a broadeast 
ing station are for’” If that question is 
on your mind you will be grateful for 
he explanation by Plant Manager EK. H 
Gager of Station KYW 


In using liquid-column instruments, 
capillarity. effeets should be taken into 
count. R. G. Folsom attacked this old 
juestion from a new angle—that of tube 
size ind reports his findings. For your 
convenience we have reproduced his dia 
ms In fairly large = size. 


\ brief but useful note on measuring 
slip of wound-rotor induction motors 
is contributed by Hl. R. Reed. 


R. R. Bateher begins this month a de 
scription of time-base equipment t 


ith cathode-rav tubes. 


r Use 


Votalizing is the subject of this month's 
electrical-measurement article. 


Remember our comment on the num 
ber of new instrument items coming. in 


is we were closing last menth's issue: 
Hlere they ire! 


The front-cover photograph shows the 
control board for the g@lass-toughening 
process at the Rossford (Ohio) plant of 
the Libbey-Owens-Ford Glass Co. All in 
struments are Leeds & Northrup “Micro 
Ia potentiometers: eight indicating 


controllers and two recorders. 





1936—AND YO 


ANY business and technical magazines published 
forecasts in their January issues. Jastruments had 
usually done it in the past, but when our January 


issue Was being planned, it was evident that a forecast of 
special interest to our subscribers would have been mostly 








guesswork: with Congress about to reconvene; with 
“main issues” undefined by Pweedledum and Tweedle 
dee; with demagogues blaming unemployment on the 
very technology which creates industries and gives cm 
plovment; with presidential nomination aspirants clamot 
ing for both tax reduction and billions to) farmers, 
veterans and other groups; with the rainbow-chasing o1 
vanizations of “NIr. N and Dr. Y and Father Z” (see out 
December editorial) claiming millions of votes; with 
rumors of strange alliances linking some denouncers ot 
the money-changers to some of the money-changers, the 
turn of the vear was not the time which events prescribed 
for pausing to ponder and pontificate 


Now that the air is a little clearer it seems that (1) no 
sudden man-made disaster will cripple the industrics 
from which vou and we derive our earnings; (2) thes 


industries will nevertheless have to bear an ever-inereas 
ing direct-taxation burden caused by an ever-growing 


number of dole-made unemplovables and imposed by an 
pavrolls will 


ever-swelling governmental structure; (3 
be taxed increasingly to provide old-age security; (+) 
competition will grow flercer in consumer-goods indus 
trics unequipped with “Institutes”; (5) the bonus and 
other forms of “pump-priming” will enormously broaden 
the distribution of purchasing power until Novembe 
as planned and perhaps longer thus causing (6) 
greater demand for goods and (7) a greater call on pro 
ductive facilities, which, coupled with (8) a diminishing 
supply of skilled labor, and with factors 2, 3 and 4, will 
compel (9) a more determined search by management 
for labor-saving methods, inevitably resulting in (10) 
management's greater recognition of Instrumentation and 
Instrumenticians. 

Two vears ago we reported on this page that the smal! 
number of changes on our subscribers’ list (compared to 
those of other technical journals) showed that they con 
stitute an exceptionally stable and secure group but 
we said also that “the world doesn't owe a living to each 
individual one of us slide-rule users!” Vhis still holds 
true. Don’t depend on a Socialistic Santa Claus 
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INSTRUMENTS’ READERS AT WORK 








No. 2 


STUART ALLAN PARLIN 


Quality Engineer, The Bantam Ball Bearing Co., South Bend, Ind. 


By M. F. BEHAR 


RIDE in his company and loy 


ilt\ hereto characterize this 

mn” subject tos ch an ex 

t t it when vo isk n about 
i nstrumentation work, he replies 
that Bantam produces 15 million 
necdle rolls a week: that tolerances 


ire ya “tenth” or better: that fin 


a ee 
ished bi irings range trom O.O51 to 


60” diar n ball, roller and taper 
types for radial, thrust or combined 
loads: and that while maintaining 
thi ghest quality standards Ban 
ta nevertl less produces mort bear 


} 


s per man-hour than any other 


company in the world 


All of which may be the best an 
swer to our q istion, tor Mr. Parlin 
is the Quality Engineer of Bantam, 


rida THIS: ate 1] vent se lect 


ion, applica 
tion and use of instruments con 
tribute to his company s success Cer 
tain it is that without modern Instru 
mentation no company could typily 
both highest quality and fastest pro 
duction rate. Certain it is that the 


Bantam management knows this, for 


they recently invested relatively 
huge sums in a modernization pro 


gram consisting largely of measure 


ment and control devices. 


; 


Certain 1 is, too, that the new 
Crag Department laid out by Mr. 
Parlin is just tbout the last word in 
efliciency in the combination of 
skilled personnel, fine equipment and 
optin il working conditions. Not 
only is the room air always main 

| 


tained close to ie 6S EF. reference 


t 
temperature of the linear Standards: 


not only is the illumination ampl 
ind glareless: but even the color 
scheme . 2 joy to behold: dark 


green steel cabinets, shelves, lino 


hes and architec 


leum topped bene 
tural trim: medium gray floor and 


machine frames: flat white walls and 


Foeal attraction as on enters Is 
the new Pratt and Whitney 80” pre 
cision measuring machine whic! 
reads directly to 0.00001”. At the 
back of it a metal trough holds pin 
gages against the machine bed to 
make sure that all are at the same 


cmnpera re Mau h neater than a 
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Thermometers are 
located on this machine as well as on 
others throughout the room. 

In addition to his work in the 
Gage Department, Mr. Parlin looks 
ifter some instruments used else 
where, such as the precision “noise 
meter’ used on small bearings. (See 


he partial lists on this page. ) 


Stuart Parlin missed being om 
of our charter subscribers because 
when Jnstruments was founded nine 
years ago he was only 22 vears old 
and a marine machinist by trade. He 


rage make r and 


sos 


soon rose to die and 
designer, then to development engi 
neer. Six years ago he subscribed. 
Today he considers Instruments “‘the 
most valuable magazine with regard 
to my bread-and-butter work.” He 
frequently refers to it in the factory 

is do the plant engineer and thi 
heat-treating superintendent), and 
he studies it at home, where Mrs. 
Parlin also reads the articles which 
interest her. “She helps me with 


ideas” is his gallant tribute 


Happy couple! 


— 





PRINCIPAL EQUIPMENT OF 
GAGE DEPARTMENT 


Measuring Machine (see text). 

Sine-bar Fixture for 12” max. lengths, 
0 to 180°, complementary angles, 10” 
between buttons, 2”x18” scraped base, 
clamping device for angle and height 
adjustment. 

P&W ‘“Electrolimit’’ Gage reading 
to 0.0001”. 

125 O.D. Micrometers, 0-60”, whicl 
are built up and taken down as desired 
in large sizes. 

62 Inside Micrometers, 0-60”. 

78 Federal Indicators of various mod 
els, reading to 0.001” and 0.0001 

7 Large Verniers. 

4 Sets of Johansson Gages. 

1026 Angle Gages; 1481 Plug Gages 
224 Ring Gages; 799 Adjustable Pin 
Gages; 118 Adjustable Snap Gages. 

Numerous Miscellaneous Length, 
Form, Radius, Squareness, Concen:ricity 
ind other Special Gages. 


OTHER INSPECTION AND 
TESTING EQUIPMENT 


3 Rockwell Hardness testers (one tak 
ing work up to 3 ft. high) 

3 Bulb Type Scleroscopes 

2 Indicating Scleroscopes 

1 Bausch & Lomb Microscope 

1 Leitz Metallurgical Microscope & 
I quipment 

1 Zeiss Microscope 

1 Sound Level Indicating Equipment, 
complete with bench. 

2 G-E Portable A-c. Testing Instru 
ments 

3 Westinghouse D-c. Ammeters 


TEMPERATURE INSTRUMENTS IN 
PRODUCTION DEPARTMENT 
Recording-controlling pyrometers: 4 I 

& N ‘*Micromax.’’ 

Indicating-controlling pyrometer: 1 Fox- 
boro. 

Control equipment under command of 
above instruments: ‘*Hevi-Duty’’ and 
**Martin.”’ 

Recording Pyrometers:—3 Brown; 5 
L & N Standard. 

Indicating Pyrometers:—2 L & N; 1 
Foxboro; 1 ‘‘Hold-Heet.’’ 

*‘Low’’ Temperature Indicators: 1 Bris 
tol, 1 ‘‘Hold-Heet.’’ 

1 L & N Potentiometer 

1 Foxboro Testing Galvanometer. 
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nstruments at KYW, Philadelphia 






By E. H. GAGER 


N this article 
de scribing 
the installa 

tion of instru- 
ments in the new 
Westinghouse ra- 
dio broadcast 
transmitter in- 
stalled for KYW 
in Philadelphia, 
no attempt will 
be made to de- 
scribe the trans- 
mitting equip- 
ment nor the 
many circuits 
which are used 
in a modern 
transmitter, as 
these subjects 
have been thor- 
oughly covered 
elsewhere. 

A modern ra- 
dio transmitter 
comprises, in ad- 
dition to special- 
ly built radio 
apparatus, cer- 
tain standard 
items of power 
equipment, all of 
which have spe 
cific functions in the control and supply of vacuum tube 
circuits. Since the life and performance of vacuum tubes 
are dependent upon the accurate maintenance of definite 
standards of voltage and current, it is essential that prop 
er instruments be provided to maintain these standards. 

In the KYW transmitter, instruments are provided 
for the following purposes: 

Measuring 60-cycle a-c. power, 5 to 2300 volts; 

Measuring 8200-volt d-c. power; 

Measuring current and potential in all vacuum-tube circuits; 

Measuring radio-frequency current in power amplifier and 
antennae; 

Indicating cooling water temperature and pressure; 

Measuring total time; 

Indicating program level; 

Indicating percent modulation; 

Checking frequency; 

Indicating phase displacement of radiators. 


The power supply for the transmitter is obtained 
from the power company at 2300 volts, 3 phase, 60 
cycles. Measurements of current, power and voltage in 
volve the use of potential transformers, current trans 
formers, voltmeters, ammeters and wattmeters—all simi 
lar to those of other industrial installations and hence 
requiring no detailed description here. 

High-voltage direct current for the operation of the 
high-power vacuum tubes is derived from a 6-phase ree 
tifier using hot-cathode mercury vapor tubes. For 10 


Fig. 1. Modulator and Radio Frequency Amplifier Control Panels. From left to 
right, Panel 1, Intermediate Radio Frequency Amplifier Control; Panel 2, Final mounted on Mi 
Radio Frequency Amplifier Control; Panel 3, Modulator Control. carta panels r 


Plant Manager KYW 
Westinghouse E. & M. Co 


tential of lis 
rectifier is S200 
volts \ volt 
meter (with mul 


tiplier ndic ite 


t he voltage of 


] yrreetrnet 
this cireut 


Two WL 848 
modulator tubes 
ind two WL 207 
power unplifie r 
tubes art sup 
plied from this 
8200-volt circuit 
An ammeter is 
used in the plate 
cireuit of each 
tube to indicate 
the plate current, 
which is in the 
order of 0.9 amp. 
Since the St cir 
Cwuits are at 
1 potential of 
8200 volts above 
ground, the in 
struments are 


cessed in the 

switchboard, 
with panels of plate glass covering them to prevent acci 
dental contact. (See Fig. 1 

In the operation of vacuum tube amplifiers, it is de 
sirable to know the value of the grid current in each 
tube. ‘Therefore, the grid circuits of all tubes in the 
intermediate and high power amplifi rs are provided 
with milliammeters. It also is necessary to check the 
negative grid potential of vacuum tube amplifiers at 
frequent intervals, but is not essential to have a volt 
meter permanently connected to the grid circuit of each 
tube. Two voltmeters, each with a suitable multi-point 
dial switch (right and left panels, Fig. 1) are used for 
checking all bias voltages and plate voltage of the inter 
mediate amp lifie r tubes. 

The radio-frequency current is not subjected to meas 
urement until the final stage is reached. An ammeter 
with external thermocouple is used to measure the “tank” 
current in the final stage. (Center panel, Fig. 1.) In 
many installations, an ammeter is used in the “tank” 
circuits of the lower power stages, but we find that ihe 
plate and grid instruments provide sufficient indication 
of the performance of these amplifiers. 

In the operation of high-power vacuum tubes, it is 
necessary to circulate distilled water through the tube 
jackets in order to dissipate the heat incident to the 
operation of such tubes. Cooling water temperatures ar 


indicated by dial thermometers (Fig. 1) provided wit} 
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contacts to operate tlarms and to shut down the trans 
Initter in Case of excessive water temperature A pressure 
gage which indicates the water pump pressure will quick 
lv show up any clogged condition of the system. 


It is important that accurate records be kept of thre 


hours of service of vacuum tubes, since these tubes are 


] Ra 
guaranteed for a certain number of hours of life. For 


I 
this purpose a synchronous clock provided with inte 


grating dials is connected to the filament bus, and when 


inew tube is placed in service, the total time meter 


t hie trib record card, When thie 
ube burns out or fails in service. this re iding Is again 


taken and entered on the card, thus securing an accu 


re id ny s entere d or 


rate measurement of the hours of service. 

Che life of a vacuum tube depends largely upon thre 
iccurate maintenance of the rated filament potential In 
our transmitter the filaments of all tubes, from the small 
st to the largest. are operated on alternating current. 
Lo eliminate thre necessity of regulating the voltage of 
each filament circuit for every change in line voltage, all 
filament transformers were connected to a common 110 
volt bus. By means of suitable resistors in the filament 
transformer primary circuit, the filament circuits were 


idjusted to the proper potenti i] with a standard filament 


bus voltage, using a low-reading portable i-c. voltmeter 
for this purpose An induction regulator controls. the 
potent il of this filament bus: and ans indi iing and 


recording voltmeter with a chart speed of 3 inches per 


itions) Trom 


hour upper left, Fig. 2 records all dev 
standard voltage. The other recorder on that panel meas 
ures the d-« power input to the final radio frequency 
unplifier and is invaluable in determining the leng th and 
time of interruptions. 

Phe antenna svstem at KYW consists of four vertical 
quarter-wave antennae or radiators, each consisting of 
a 2OO-ft. steel pole mounted on a +45-tt. wooden base. 
No horizontal wires connect these poles at the top, each 
one being an independent vertical radiator. In order to 
measure the current radiated from each tower, a 15-amp. 
thermocouple is placed in the antenna circuit at the base 
of each tower. The four sets of the rmocouple leads are 
extended to the transmitter house, a distance of approxi 
mately 575 feet, to the four indicating instruments shown 
in Fig. 2. 


The four vertical radiators are placed at the corners 


wave-length long and 1 3) wave 


ot a rectangle 1/2 
length wide, in order to create a field pattern shaped 
like a figure 8. The shape of the field pattern, however, 
depends upon certain phase relations between the ver 
ical radiators. This phase displacement can be gov 
rned by the operation of variable capacitors located in 
i tuning house in the base of each tower. These capaci 
tors are motor operated from the switchboard in the 
transmitter building. In order to check the phase rela 
tions of the different units, radio frequency from each 
tower is fed back through a pair of wires from each 
tuning house to switches in the transmitter room. 13y 
means of these switches, the output from any radiator 
can be connected to. the plates of a cathode ray tubs 
center of Fig. 2). By connecting the output from on 
tower to one set of plates and the output from another 


tower to the other plates, the phase relations of the two 


r idi itors can re idily he obse rved. This indication is im 


portant in the initial adjustment and subsequent checking 
of the field distribution pattern 

An important function in radio broadcasting is the 
neasurement of the program level, or the amount of 
iudio-frequency power being supplied to the transmitter. 
he measurement of audio-frequency is accomplished in 
(Wo ways: the first is the use of a galvanometer in the 


plate circuit of a vacuum tube, the grid of which is sup 
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Fig. 2. Antenna control panel showing radio frequency instru- 
ments operating from thermocouples remotely located at base of 
antenna towers. Also cathode-ray oscilloscope for properly phas- 
ing directional antennas. Indicating-recording instruments at top 
measure a-c. filament bus voltage and d-c. power input to final 
radio frequency amplifiers. 


plied from the audio frequency source. The scale of this 
instrument is arbitrarily calibrated in decibels. The other 


method is the use of a transformer with a high impe 
dance primary, which is connected across the audio 
frequency source. The secondary of this transformer is 
connected to a d-c, galvanometer through a small “Ree 
tox” unit. This scale, too, is calibrated in decibels. The 
latter method is the more accurate, because it does not 
depend upon the changing characteristic of a vacuum 
tube which, in time, will show a loss of plate current, 
due to loss of filament emission. 

Another important factor in the operation of a broad 
cast transmitter is the maintenance of a proper percent 


are 


f modulation. It is important to modulate the trans 
mitter as high as possible in order to over-ride the noise 
level and Q1ve good rece ption at the fringes of the re 

ception area. However, care must be exercised not to 
modulate high enough to cause distortion or poor quality 

Usual practice is to modulate 75 to 80% on normal 
peaks with occasional peaks hitting 100%. The per 
centage of modulation is measured at KYW with a cath 

ode-ray oscilloscope, Fig. 3. One pair of plates is excited 
by radio frequency from a pick-up coil located near the 
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Fig. 3. Cathode-ray 


power amplifier; the other pair by a sweep circuit. The 
pattern impressed on the screen is the envelope of the 
modulated radio-frequency output of the transmitter 
When the amplitude of the modulated wave is equal to 
twice that of the unmodulated wave, the modulation has 
reached 100%. With normal program input, the peaks 
will of course recur too rapidly for the eye to measure 
their amplitude, but when the modulation exceeds 100% 
by even a small amount, bright spots will appear on the 
screen at the base line of the curve, indicating modula 
tion in exeess of 100% 

According to the best practice in modern radio broad 
casting, the studio control room is responsible for th 
program level supplied, through telephone circuits, to 
the transmitter, which is usually located some miles 
away. If the program is at normal level leaving the 
studio control room, the transmitter should be modulated 
the proper amount. However, slight changes in amplifier 
characteristics, telephone cable constants, or improper 
setting of the gain controls mav cause improp r modula 
tion. In order to keep a constant check on this condition 
at KYW, a high grad superheterodyne radio receiver 
is installed in the studio master control room. By coup 
ling a cathode ray oscilloscope to the plate circuit of the 
intermediate amplifier, a modulated radio frequency pat 


tern is impressed upon the cathode-ray screen. This 





pattern will show the percent modula 
tion of the transmitter in the same 
manner as on the cathode ray tube used 
it the transmitting station. In this way, 


the engineer in the master control room 


= 


can keep a constant check on the trans 
mitter modulation and adjust thre pro 
gram to the proper level. 

The most exacting and perhaps the 
most important of all measurements in 
radio broadcasting is the exact deter 
mination of the carrier frequency. 
When it is understood that we are re 
quired by law to keep within 50 cycles 
of our assigned frequency ol 1.020.000 
eveles, it will readily be seen that great 
care must be exercised in the equipme nt 
used for this purpose. The initial rad 
Prequency Is developed by L ple Zoe lee 
tric quartz cryst il accurate ly ground to 


i thickness which allows it to oscillate 


it the proper frequency in this case 
1020 ke. This ervstal IS pl iced between 
two metal blocks which are mounted in 
i hie Al insulated thre rmostated Chamibe r 


which is also placed inside another tem 


hamber containi 


ye rature-controlled 
the first two stages of amplification 


Phe maintenance of the proper fre 


Queene IS ae pence nt Upon the nai 


Continued on Pave $2 


Fig. 4. Modulator unit illustrating the use 
of plate current instruments mounted directly 
on the water jackets of the modulator tubes 

supplementing the modulator totalizing 
plate current instruments mounted on_ the 
modulator control panel shown in Fig. 1. 
Although not necessary for routine observa- 
tions, these and the other instruments on the 
unit are used for adjustment purposes. 
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Manometer Errors due to Capillarity 


By RICHARD G. FOLSOM 


Instructor in Mechanical Engineering, University of California, Berkeley, Calif. 


HIS investigation was undertaken to provide data 
required for the selection of manometer tube size 


when making measurements within a given limit 


The material was collected from published re 


ft error, 
ports of mathematical and experimental researches with 


the addition of some tests. 


approximate 


AND EXPERIMENTS 


MATILEMATICAL EQUATIONS 


The formula derived in elementary text books on 
physics for the capillary rise in small-diameter circular 
tubes is 

Zo 
h ‘ l 
r(W,-W 
where h capillary rise, inches. 


o surface tension, pounds per inch. 


radius of tube, inches. 


unit weight of fluids in contact, lbs./in. 


W.) 
WA 


Substituting values for water and air, equation (1) 


he comes 


0.046 


2r 
This is the expression given by Gibson’ and Marks. 


The 
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upper limit of applicability of equations similar to (2 
is about 3/32” tube diameter. 

Lord Rayleigh” gives an equation for diameters greater 
than 23/32” while Sugden* has computed several points 
in the intermediate region. The curve in Fig. 1 presents 
the results in terms of the ratios h/a and r/a where 


if 
a® : ; ‘ : : : . (3 
W.-W 
Since the ratios are dimensionless, the graph can be used 
with any consistent system of units. (See Table I for 
values of a>.) Using pure liquids (as triply distilled 
and clean surfaces, several investigators have checked 
the graph within experimental error. 
APPROXIMATE TESTS 
Since the surface tension and thus the capillary ris¢ 
depends upon many factors,’ for example, impurities in 
the fluids or on the surface of the tube, attempts were 
made to measure the rise under conditions similar to nor- 
mal engineering usage. Levels were determined with a 
cathetometer reading to 0.0001” for a series of different 
diameter commercial glass tubes. The reference level 
1.71” inside diameter tube so that the 


was taken in a 
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O TAP WATER 


© DIRTY WATER Fig. 2. Capillary rise with water-air. 
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TABLE I* 


Convenient 


Metric Units English Units 
a2(mm.2) o(dynes/cm.) a2(in.2) 
Water 7.44 rp Ay; 0.01152 
Benzene 3.36 28.88 0.00521 
Ether 2.44 16.96 0.003878 
CH Clg 1.86 27.14 0.00288 
C Cl LT 26.77 0.00265 
Liquids in contact with air and temperature of 68° F. 
*Data from Richards and Carver, Journal America hem 
\ 13, 1921, pages 827-84 


rise was negligible as compared with the others. The 
tubes were wiped clean and partly filled with tap water 
ind again with dirty water from the hydraulic labora 
tory storage tanks. The experimental points are plotted 
in Fig. 2 with the water-air graph determined from Fig. 
| with a~ == 0.01152 in.”. The graph of equation (2) is 
included to indicate the error involved in its application. 

Measurements were made with tap water in contact 
with mercury which had been washed with nitric acid 
and filtered. The results are plotted in Fig. 3 with the 
mercury-water graph determined from Fig. 1 with a® 

0.00473 in.~. The capillary rise in this case is nega 
tive. 

Attempts to measure the rise with carbon-tetrachlor 
ide colored with oil red dye and water were unsatisfac 
tory as the shape of the boundary surface varied and 
the rise changed with time in a single tube. 

The curves of Figs. 2 and 3 are approximated closely 


by the equations 


0.400 
water-air, Pe - 4.) 
4.374 \ 
e 
0.281 
mercury-water, h ; : (5) 


6.80d 


e 


where d is the inside tube diameter in inches. 


CONCLUSIONS 

Simplified formulas of the type given by Gibson and 
Marks for the capillary rise in small tubes cannot be 
applied for diameters greater than about 0.1”. 

When a* is known, the theoretical rise or depression 
can be computed from the graph of Fig. 1. Approximate 
equations for water-air and mercury-water in glass tubes 
are given and the tests indicate these values to be valid 
for normal engineering conditions. 
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Fig. 3. Capillary depression with mercury-water. 


These data provide a basis for the selection of man 
ometer tube size for measurements within an allowable 
error. Likewise, they indicate the error to be expected 
with a U-tube when the tube diameters differ. 
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Slip Measurement on Wound-rotor Induction Motors 
By H. R. REED 


Associate Professor of Electrical Engineering, Michigan College of Mining and Technology 


HE slip of wound-rotor induction motors may b« 
determined by connecting a zero-center millivolt 
meter across two of the slip rings, the rotor being 
connected through its normal external resistance. Each 
time the rotor slips a pair of poles the millivoltmeter, 
which follows the oscillations of the rotor voltage, will 
complete a cycle, that is, it will travel from zero to a 
positive maximum then to a negative maximum and back 
to zero. The slip, in cycles per second, is then deter- 
mined and the slip in r.p.m. calculated from the formula 
i. fX anol 
Pp 
where N is the rotor slip in r.p.m., f the slip frequency, 
and p the number of poles of the machine. When using 
this method to determine the percent slip the synchro 


nous speed of the motor field must be known, This may 
be found, either by measuring the speed of a synchro 


nous motor run from the same line, or measuring the 


[/ This note supplements the article by Schilling 
| and Williamson in our August 1935 issue, where a 
new slip measurement method was proposed and 
others (not including this one, however) were re- 


ferred to.—EDITOR 


frequency of the line voltage and ealculating th syn 
chronous speed. 

Insert a variable low resistance in series with tli 
millivoltmeter to control the amplitude of the swing. Do 
not have the millivoltmeter connected across the slip 


rings while the machine is coming up to speed 
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Timing Base Equipment for Cathode-ray Tubes 


By RALPH R. BATCHER 


Radio engineer; cathode-ray and electronic application specialist, Hollis, L. I., N. Y. 


Having mounted the tube and arranged a power sup 
vy. the next requirement is a means for obtaining a 
time sweep that can be used to produce the horizontal 


deflection. Most oscillographic work having previously 
been done with galvanometer types wherein all meas 
irements are made with re spect to “time.” the cathode 
ray oscillograph is called upon to duplicate many of thre 


records produced by the other. As experience is gained. 


it as found that many problems are more re idi \ solved 


without a time base; but in many cases such equipment 
remains indispensable. Various types will be deseribed, 
n orde r ot compl xKity. 


There is nothing about the cathode-rav” tube itselt 


4 


ipable of indicating or recording time intervals 
[In certain examples of the vibrating-mirror type of 


scillograph the time scale is obtained from light flashes 


produced at definite intervals by a synchronous motor, 
nd the record is continuous and can be extended to as 
long a strip of film as necessary. 

With a cathode ra oscillograph the reason why a 


timing oscillator is requ red is the limited fluorescent 


he 


Nees 


x 
Y, 
\ 
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2b, Pd 
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If sine-wave a.c. is connected to one pair of the tube’s de- 
flection plates the curves shown in each column can be pro- 
duced by connecting to the other pair a timing wave of the 
same frequency, and of the shape shown above the dashed line. 

11A is a stne-wave and produced the “rolled up” effect. 

11B is a saw-tooth wave and gives the zig-zag folding (see 
text). 

11C is a snap-back wave and produces the cut-and-pile effect, 
with the straight snap-back line added. 

11A and 11C are the most useful. 

The mechanical equivalent of each folding method is shown 
at the bottom of the column. The folding is in each case pro- 
ducing the curve checked in the column above. 
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screen area available in the tube, so that the diagram 
must be “folded up.” Imagine that the true or extended 
diagram is on a long transparent film, many times longer 
than the screen diameter. There are several methods by 
which the folding can be done (see Fig. 11): 


(1) Wrap this film around a transparent cylinder and t 
look through the whole issembly from the side; 


2) Fold the film by creasing it at regular intervals; 


3) Cut the film into equal sections and pile up these suc 


cessive portions 


By using any of these methods a complete record may 
be viewed in a limited area but the resulting view will 


be more or less complicated compared to the original 
































To analyze the diagram necessitates a knowledge of 
which method was used in the folding process. This fold 
ing is done automatically in the cathode-ray tube by thi 
action of the timing oscillator. If this oscillator gives a 
sine wave (see Fig. 11A) the resulting diagram takes 
the form of (1) in the above list. In Fig. 12 an elongated 
ellipse is so depicted. If the waveform is sawtooth, Fig. 
11B, the effect is as if folded by method (2) and if the 
waveform is like that shown in Fig. 11C, the “eut and 
pile’ method (3) is simulated. The latter type of wave 
form is usu lly called a linear time base. and its produc 


tion will be described in the following sections. 


KEY CONTROLLED SINGLE SWEEP EQUIPMENT 


If a ¢ ipacitor is connected across a direct current 
potential it becomes charged almost instantly. When. 
however, a resistance is placed in the circuit, the charge 


recumulates at a slower rate. and the voltage across the 


ipacitor builds up according to an exponential law. If 
one pair of deflection plates 
ia is connected across the ea 


eo KEY pacitor the spot will drift 


across the screen, at a rate 





depending upon the values 
of Fo and C and upon the 


_ 


charging voltage. If a key 


or switeh connected across 
Licance 
the 





capacitor is closed, the 


Fig. 13 spot will return instantly to 
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the starting point. If this key is controlled mechanically 


i 


either at a fixed rate or else in synchronism with the 


mechanism under test, an extremely simple time base 
deflection is obtained. See Fig. 13. 

The main difficulties found with this equipment art 
that the higher swee p frequencies are not easy to obtain, 
and that the movement of the spot is not linear with 
time. The latter problem can be solved if the resistance 
used in the charging circuit is replaced with a device 
that will keep the charging current constant, regardless 
f the counter-emf produced by the charge on the con 
denser. This characteristic is readily obtained by sub 
stituting for the resistor the plate resistance of a vacuum 
tube. In a two-element tube, for instance, the plate cur 
rent remains constant regardless of the plate voltage. 
whenever the filament emission is reduced to a valu 
where it constitutes the main control over the plate cur 
rent, usually termed “‘saturation.’’* 

The charging rate on the capacitor, therefore, is read 
ily controlled by adjusting the filament temperature 
this filament must be heated by d.c.). In order to 
eliminate a battery for this purpose, it has been usual 
practice to utilize a tetrode or a screen pentode instead 
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of a diode (Fig. 14), and to connect the control grid so 
that it is the controlling element in the determination of 
the plate current, regardless of minor variations in the 
filament temperature. The cathode can then be of th 
indirect-heater type and with proper precautions can be 
operated on a.c. These tubes can be used in any of the 
following circuits that use the capacitor charge principle. 


MOTOR DRIVEN TIME BASE 


When the required frequency range of the time base 
is small or when a fixed frequency is required, a motor 
driven circuit is possible. A synchronous motor is useful 
in investigations of conditions that take place at the fre 
quency of the a.c. line. 

An early method is the motor-driven potentiometer 
Wherein a circular potentiometer resistor that is continu 
ously rotatable is coupled to the shaft of the motor. Thi 
mechanical difficulty of designing and constructing th 
resistance element for long service life has prevented 
this method from receiving much attention. One arrange 
ment is a carbon ring, cut radially at one point, and 
having a resistance from one end to the other (due to 
the cut) of from 25.000 to 100.000 ohms. 








It is been noted that the term saturation’ as 
‘hb nek stein } ] ] f 
1 S sometimes wrongly interpreted. In the case of a 
nt, when a copious emission is made possible, tl 
irgely proportional to the plate voltage. At lower 
fon is | +} | ome : 
ssion is less and e current largely depends o 
erature only (except for very low plate voltages). I: 
t f t ist be operated at a reduced ten t I 
tode tube with indirectly heated hode 
V athode (which depends upon the bias 
é posit t whict j rr . +} nl 
I m of which determines the plate « 
°Zenneck. Transformation eines Wechselstron 
) 


ol. 69, 1899, pages 838-853. 


In another method the charge of the capacitor is 
shorted periodically by a motor-driven commutator 
upon which one or two brushes rest | ghtly. ‘To prevent 
undue sparking a small resistance is pla d in series 
with the brushes. 


In the design of the R-C circuit, it is quite possibl 


to use as the charging potential the plate supply volt 
age of the cathode-r iN tube, which of course is gre ithy 
in excess of that required to deflect the spot across the 
screen. It can be shown, however, that the initial 25 
of the expone ntial charging curve of the « ipacitor Is 


substantially a straight line, so that linearity of the 


time base can be obtained with an ordinary resistance 
in the circuit. 

Analysis shows that the product (2 C’) is the factor 
that must be considered so that a variety of values of 
either FR or C can be used. It is first necessary to di 
termine the voltage required to deflect the spol diametri 
cally across the tube screen. In many tubes this is ap 
proximately equal to 15¢¢ of the anode voltage, but in 
any case is obtainable from the manufacturer's data, or 
from formulas given in preceding articles. If the valu 


of the percentage is designated “d’’, then the value of 


R << C can be obtained from the following table 
DD LOG Ll5% POC) BOC, L0G; 5()¢ 
05 6.25 1.54 DS] 1.95 1.45 
Ri 
vl 


Here the values are in megohms and microfarads, and 
the value of “‘n” in sweeps per second. The capacitor 
should have low internal resistance, should be non 
inductive, and should be capable of handling the entir 
anode potential without breakdown. The above data hold 
in any circuit where the discharge rate is not controlled 
by the RC circuit itself but by some mechanically oper 
ated switch operating at the frequency “‘n 

Another circuit which has been used by the author is 
shown in Fig. 15. It is useful when the frequeney of 
the time base is 60 cycles or less, the limiting factor 
being the speed of the relay. Here the RC circuit has 
a conside rably lower time constant than the R’C’ eireuit, 


this latter being designed according to the above table 
of RC constants. (The theory of the neon tube circuit 
shown in Fig. 15 will be taken up in the following sec 
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tion \ secondary winding on the relay provides an 
isy method of synchronization with the frequency un 
der investigation. The timing wave could be set for an 
equal Trequency or some sub multiple is desired. The 
main winding on the re lay had about 11,000 turns of 
No 38 wire with a resistance of 500 ohms. A photo 


graph of one application of this circuit appears in 


Obviously, additiona! relay contacts can be so con 
nected that one pair of deflecting plates is shorted dur 
ng the restoring interval to delineate the axis for meas 
ring purposes 

\ variation of this circuit is to charge the capacitor 
rapidly when the contacts are closed, and to utilize th 


slow discharge for the timing wave. 
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NEON TUBE OSCILLATORS 


Several popular timing wave oscillator circuits have 
been adapted from the well-known neon tube flasher 
circuit. This circuit is of the capacitor charge type, and 
utilizes the feature that, as the voltage on the capacitor 
builds up, the neon lamp connected across it breaks 
down and dissipates a portion of the charge. As the 
voltage drops the lamp is extinguished and the cyck 
repeats. The main disadvantage with this circuit is that 
thre capacitor 1s not discharged to zero, but fluctuates be 
tween two values relatively close together, depending 
upon the characteristics of the neon tube. 

‘he total voltage variation, therefore, is hardly suf 
ficient to give full-seale deflection with the usual cathode 
ray tube. Investigators have disclosed a large number of 
circuits, three of which are shown in Fig. 17. The uss 
of the constant-current charging device heretofore de 
scribed is shown in two of these. 

Not only will the usual neon lamp, such as the type 
G-10, function in this circuit, but many other types of 
gas-filled tubes can be used as well. In using ordinary 
neon lamps the series protective resistance usually sealed 
up in the base should be removed. Excellent results have 
been obtained from the voltage regulator tube (such as 
the 864) and from gas-filled rectifier tubes such as the 
Raytheon type BH, ete. The tubular neon-filled “Tuna 


lite’ is likewise satisfactory. 
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Although these circuits have a low output potentia 
without amplification) for time base use, they find ap 
plications also as surge or pulse generators in othe: 
measuring applications. 

The actual variation from linearity depends upon the 
relation between the values of C, R, and FE. It usually 
is desirable to have the applied voltage much higher thar 
the value required to operate the glow lamp, and ther 
to use a larger capacitor and higher resistance to obtair 
the desired freque ney. 

With so many variable factors affecting operating 
conditions, several combinations are usable for a give 
frequency. In Fig. 18 generalized curves show the volt 
age increment across a condenser with several values of 
RC (assuming that FR is a fixed resistance). Two hori 
zontal lines across these curves indicate the kindling or 
breakdown potential and the extinguishing potential of 
the glow lamp. The distance between the ordinates fron 
the points of intersection of any of the curves wit! 


these horizontal lines represents roughly the time of on 


evele, or of one sweep ot the spol ACTOSS the screen. 

















The other variable factor is the value of the voltage 
FE, which may be any value in excess of P (referring to 
Fig. 19). For a given frequency and a given maximum 
voltage EF, there is only one value of RC that can be 
used. In theory it makes little difference whether the 
value of R or C is made large, and the other small. In 
practical cases, however, the internal impedance of the 
deflection plates, although high, produces serious changes 
in the circuit so that it is desirable to use large values 
of C and a lower FR in order that the shunting effect of 
the cathode-ray tube be less important. 

Since it is the section of the curve between the two 
horizontal lines (in Fig. 18) that determines the wave 
form, it is important that this sector be as straight as 
possible. It will be noted that if the frequency is changed 
by varying the voltage only, the operating point for cer 
tain frequencies will be at the bend of the curve, so 
that better results would be obtained by controlling th 
value of RC, keeping EF substantially greater than P. 
Constants can always be selected that will give fair 
linearity for a particular frequency without resorting to 
a “tube” resistor. It is only when the oscillator is made 
to cover a range of frequencies that difficulties occur in 
securing linearity. 

An extremely sharp snapback is impossible if th 
capacitor has appreciable internal resistance or in 
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juctance. Highest grade non-inductive capacitors must 

used in these circuits. Interesting results are ob 
tained if the internal inductance of the capacitor is such 
hat it resonates at a frequency near to that at which 
he oscillator is adjusted, in which case the output wav: 


form is approximately sinusoidal. 


INTERLOCK CIRCUITS 


Any type of gas-filled lamp has certain vagaries in its 
perating characteristics which may affect the frequency. 
In order to prevent the oscillograms from drifting, som 
type of synchronization is required, by which the dis 
harge lamp is triggered off at definite intervals, thus 
stablishing an interlock between the circuits. 

Ihis is especially required in low-intensity cathode 
ray tubes when a diagram must be repeated on the screen 
intil it can be copied, measured, or photographed. On 
method for this stabilization utilizes a small emf from 
he test circuit applied to the grid of the tube acting as 
the control resister of a neon oscillator, as in Fig. 14. 
[his potential is applied through a small capacitor or 

















transformer or through a stage of amplification to pre 

vent a small back coupling from the oscillator from in 
troducing undesired effects into the circuit under investi 

gation. Since the timing wave is usually set at some exact 
sub-multiple of the frequency studied, at several in 
tervals during the timing cycle small voltage pulses 
are applied to the timing wave oscillator circuit. During 
a large portion of the cycle these pulses have no effect, 
but if introduced at a time when the tube is about ready 
tO discharge, the circuit is triggered off. 

It usually is best practice to adjust the flasher circuit 
to approximately the correct frequency before the 
synchronizing circuit is closed. 

lhe success of many oscillographic tests depend upon 
the ease of synchronization. Usually the wave under 
measurement is connected to the vertical deflection plates 
and to the synchronization circuit in addition. Two ef 
fects occur that must be considered. Pulses from the 
timing oscillator may kick back into the unknown wav: 
and distort it. Also, the power taken by the synchroni 
zation circuit may be excessive. Neithe r of these effects 
is important if the power available in the circuit under 
investigation is large. Otherwise, the synchronization 
circuit should have a high impedance, such as the input 
of a vacuum tube. Amplified synchronizing pulses may 
be necessary where the wave under test is weak. 


POSITION CONTROI 


Since the normal position of the spot when undeflected 
is in the center of the scrcen, mM orde r to keep the dia 
gram on the sereen, it is necessary to move the spot 
initially to one edge before the timing potential is ap 
plied, or else to provide a time base whose potential 
range has an average value equal to zero. It usually is 
convenient to reduce the voltage on the anode of the 
cathode-ray tube by an amount approximately one-half 
the re quire d deflection voltage, there by produc ng acon 


trol between that voltage and the timing base voltag 


to shift the position of the picture on the screen as re 
quired. This arrangement has been applied to other 
circuits hereinafter described. Two practical circuits 


were shown in Fig. 4 of the January 1936 article 
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THYRATRON OSCILLATORS 
The substitution of a hot-cathode gas-filled discharg 
tube, such as a Thyratron, for the neon tube, overcomes 
most of the inherent disadvantages of the latter. A num 


ber of improve ments are due to this change: the « ip icitor 


is discharged almost to zero, and the breakdown potenti il 
1S directly controllable, so that the amplitude of the de 
flection of the time base ean be made as large as desired 
This amplitude is easily controlled by a simple adjust 
ment of the bias to the grid. The problem of interlocking 
with the measured frequency is also solved. The ca 
pacitor is discharged rapidly and without sparking. A 
representative circuit is Fig. 20. A single rectifier sup 
plies potentials to both the cathode-ray tube and_ the 
time base, which is possible when low potential cathode 
rav tubes are used (1000 volts maximum). A few details 


a 6 


of certain features follow which refer to this circui 
The rapidity of the snap back portion of the evele 


l 


de pends upon the de-ionizing time in the discharge tubs 
This depends upon the amount of mercury in the 
Appare ntlv, best results are obtained with little fre 


: i. . 
mercury at normal temperatures 


In SOITnet cases a damped WAVE oscill ition mav occ 


during each capacitor discharge period. While this does 
not affect the normal operation, it may disturb asso 
ciated circuits Sh inting the discharge t be gr d ( 
with a bypass capacitor can sed when necessal 
to eliminate this. The grid circuit resistance should 

| 


lke pt low. 


Frequency Is ISUALLV ( yntrolled by idjust ny h 
1 s 


charging rate t cap by varving tl —— 
the control grid of the pent ide), or by hanging 


capacity. For exact linear 
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range, it will be nece ssary to do both. As the unplitude 
is varied by idjusting the bias on the discharge tubs 
grid, the frequency is also changed but this is unavoid 
ible without complicating the circuit. 

Phe interlock circuit utilizes a step-down transformer 
ratio of the order of 5 :1, and provided with a 


static shield between windings. It always is necessary 
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Fig. 2 


to adjust carefully th frequency controls so that a 
minimum of synchronizing potential need be applied to 
the interlock circuit. 

In the circuits described above it has been the usual 
practice to utilize gas-filled triodes to discharge the 
capacitor, which has been charging at a definite rate 
through a ballast tube (Fig. 11). The process can be 
reversed and the capacitor charged rapidly and dis 


charged slowly, by the simple expedient of connecting 


the charging capacitor across the ballast tubs the pen 
tode, -57. ete.), instead of across the discharge tube. 
(In the next article an important commercial development 


using this principle will be described.) 
Lhe results are the Sallie and the re usually 1S little 
to choose with either arrangement. Fig. 21 shows one 


_ 


irrangement based on this prineipl 


OSCILLATOR FREQUENCY CONTROI 


In the design of the frequency determining circuit 
ising a Thyratron or similar gas-filled tube, the char 
icteristics of the tube need not be considered in the 
fundamental design. The following factors are im 


portant: 
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1. Maximum voltage of the swing, as determined by 
the required deflection, and the deflection sensitivity ol 
the cathode-ray tube. 

2. Required frequency or frequency range. 

Application of these data to the nomographic chart, 
Fig. 22, will provide the value of the ratio C/J. The 
value of J in milliamperes can be determined from the 
characteristic curves of the pentode used as the charg 
ing resistor, from which the required capacity in micro 
farads can be computed. The bias on the discharge tubs 
grid must so be adjusted that the discharge occurs when 
the charge reaches the desired potential. 

To be Continued 
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nance of the proper temperature in the crystal chamber, 


ind this temperature, controlled by a thermostat, is never 


illowed to varv more than 0.1 C. 


variation is much less: since our new transmitter has 


In actual practice, the 


l 


been in service, the maximum deviation from the assigned 


] 


frequency has been 215 cycles, whereas a change of 1 

C. would cause a frequency deviation of 20 eveles. In 
order to keep a constant check on the carrier frequency, 
we are required to have a deviation monitor unit, ap 
proved by the Federal Communications Commission. 
This unit consists of another crystal oscillator which is 
idjusted to a frequency 1000 cycles below the assigned 
carrier frequency. This produces a 1000-cycle beat note 
in the detector circuit of the deviation monitor, which is 
ised to supply a dial type frequency meter, the seale of 
which is marked 50-0-50. When the beat tone is exactly 
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1000 cycles, this frequency meter reads zero. If the 
transmitter frequency is above normal, the beat note will 
be above 1000 cycles and the frequency meter will indi 
cate that the frequency is high. Conversely, if the trans 
mitter frequency is below normal, the beat tone will be 
below 1000 cycles and the frequency meter will indicate 
that the frequency is low. 

The transmitter frequency is measured bi-weekly by 
the Westinghouse Frequency Measuring Laboratory in 
Chicopee Falls, Mass., which has facilities for checking 
our frequency with an accuracy of better than 0.0002. 

In building the switechboards for the KYW transmit 
ter, an effort was made to preserve the symmetry and 
beauty of the installation. “Type HX” and “RX” in 
struments were chosen because their shape blended so 
well with the rectangular switchboard design. 
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TOTALIZING 


Benenden Me asurements and oO ol S series began 
incement on editorial page of ~ seal Gin 1933 issue. All pts 


wenty-sixth instalment of 





934 issue. See ann 
authors 


By PERRY A. BORDEN and M. F. BEHAR 
Member A.1.E.E Editor, Instruments 
Inseparably associated as it is with other branches of electrical measurement, 
e subject of totalization has therefore received some attention in earlier parts 
this work.’ This article is designed to take account of those systems and 
thods of totalization which had not been described, and to present informa 

permitting the characteristics of various systems to be considered on a 

iparative basis. 

In commercial or industrial fields the only electrical magnitudes which it is 
iecessary to totalize are those of power and energy, including of course volt 
mpere and reactive volt-ampere measurements. Of course, where the principles 
of telemetering are involved, the actual totalization may be accomplished on 
voltages, currents or other electrical variables made representative of these mag 
nitudes. In other branches of industry, the totalization of fluid flow 
srows steadily in importance; and, insofar as this may be accomplished by elec 
rical means, an attempt will be made to describe those systems which have not 
veretofore been treated in this Part of the Manual. 

Totalization may be accomplished by the following methods, 
suited to a particular class of work: 

(1) Multiple-element meters and deflection instruments; 

(2) Special instrument transformers and instrument transformer connec 


however, 


each generally 


tions; 
(3) Mechanical totalization of impulses; 
(4) Applications of telemetering principles. 


Multiple-element Meters and Deflection Instruments 

The essential principle of the multiple-element meter for totalizing electric 
power loads is found in the polyphase wattmeter or watthour meter. In these 
instruments the electromagnetic reactions representing 1n value respective power 
loads whose sum it is desired to obtain are derived from individual measuring 





Fig. 45-1 
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systems, and caused to exert their combined utilizable effects upon a common 
responding element whose mechanical reaction is determined in any one of the 
Ways common to measuring instruments. Thus there may be produced an ind: 
cation, a record, or an integration of the sum of any number of individual 

power loads for which elements may be made to react upon a common deflect 
ing (or rotating) member. 


AJnstruments: Sept. 1935, 
} page 329; Jan. 1936, page 16. 


page 235; Oct. 1935, pag 8-9: Nov. 1935, page 1; Dec 








sonia” vsren 
The Mark of 
Effective Control 











Process Control for sensitive, stable 
automatic control of temperature, 
pressure, liquid level. flow and other 
factors as applied to industrial 
processes. Responds to changes 
quickly, without overtravel or hunt- 


ing. Ask for Bulletin No. LOL. 


Combustion Control that is simple 
but complete for prov iding econom- 
ical operation 
of boilers of 
200 h. p- 


larger. Details 


and 


in Bulletin 
No. 102. 


Boiler Meters 


for recording 





combustion 


Recorder-Controller 


conditions and 
guiding boiler operators. Described 


in Bulletin No. 44. 


Mullti-Pointer Gages for indicating 
factors such as draft. pressure, tem- 
perature and speed. 
These Gages are avail- 


able 


of pointers and any 


with any number 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 


cating. recording and 





integrating the flow of 


Control Drive 


steam, water. sewage 


air, gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure. temper- 

ature, drafts. liquid level and other 

factors. 

BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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AUTOSYN 
Motor 


Self - Synchronizing 


AU TO SYN. ® MOTOR 


$2 VOLTS AC. 60 CYCLES SINGLE PHASE 
PIONEER INSTRUMENT COM MANY 


BROOKLYN, MEW TORK 





rype 769B 
ACTUAL SIZ! 
Type 769B, the smallest self- 


synchronizing motor manu- 


factured, is suitable for a wide 
indication 
Slight 
elements 


variety of remote 


applications. move- 
nents of sensitive 
such as diaphragms and Bour- 
tubes may be 


don instantly 


and accurately transmitted to 


duplicate or triplicate indi 
Cators. 

\ 2 liameter x 2 ong 
I] } 10 ounces 

Cu f 16 amperes 

] 32V. A.C.—60 cycle 


Power consumption—2 Watt 


Peak Torqu 40 Gram. Cm. 


approximately |! 


Shatt Diameter ] 16 


lipped 


PIONEER INSTRUMENTS 


Pioneer Instrument Company, Incorporated 


BROOKLYN, NEW YORK 


A Subsidiary of the Bendix Aviation Corporation 
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the provision of special devices for totalizing in 
volved) is not so important as for 
rds, and demands, because a totalization of consumed energy 
adding the registrations 
of a number of integrating meters. Moreover, such numerical totalization (of 
arate circuits) is generally more accu 
that pr an with a multi-element meter. Indications, 
hand, involve the continuous summation of 
special measuring devices, the determining 
amount of clerical work, with final results 
devised totalizing system. 


1.1 
noted tnat 
Ns (except where telemeterin Is 1N 

dications, rect } 
can be obtained at any time by the 


simple expedient of 


the readings of watthour meters 
rate in practice than 
records, and demands, on the other 
instantaneous values; and, 


] 


generally involves a great 


1 | 1] 
which cannot ich those Of a specially 


Nnron 
dp} TO. 


General Electric Duplex T otaliz Ing Meter 

Though watthour meters having more than three electromagnetic elements 
rotating element are not common, there is available as a 
t meter built by the General Electric Co. This 
shown in its six-circuit form in Fig. 45-1, comprises two rotating ele 
acted upon by six single-phase electromagnetic systems, the revo 
lutions of the two spindles being totalized by differential gearing to produce a 
registration on a single set of dials 

The use of multi-element recorders for electric px 


issociated with one 
+ ~ 2 ] 

standard product a multi-elemen 
meter, 


1 
ments, eacn 


wer loads is common, and 
Since such instruments are 

that they have a nigh degree of pre 
refinement has been reached in applying compensations 
h might safely be neglected in less important installa 


] 
several ty Vs and makes are 1n regular use 


heavy loads it is desirable 


| some 
times used on 

cision, and considerable 

for sources of error whic 
tions 


Esterline Induction-type Totalizing Recorde 


One of the earliest and most interesting multi-element recorders is that in 
1917 by the Esterline Co. to handle the 250,000-kw. load of the 
Keokuk plant of the Mississippi River Power Co.~ This instrument, Fig. 45-2, 
s still in operation. It was designed to totalize the output of thirty polyphase 
and embodies sixty induction-type electromagnetic systems. These 
impart their joint reaction to a moving element c of six annular alumi 


] ] ~ 
num plates suspended on a steel wire which not only supports the weight of 


~ 


generators, 


NSISting 


2Larvest Graphic Meter in the Worl ect World, Vol. 70, July 14, 1917, 
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» moving element but also furnishes the greater part of the restraining force 
The instrument is built on a unit system in three sections, each containing ten 
lyphase wattmeter elements so arranged that any one can be removed for 
nspection or calibration without disturbing other parts. All connections are 
carried to the top of the instrument, where a circular terminal block having 
240 binding posts provides connection to the instrument transformers. The 


chart width is 12/2 inches. 











Fig. 45-3 





General Electric Totalizing Recorder 

The General Electric Co’s totalizing recorder, Fig. 45-3, operates on the 
induction principle, the moving element comprising a single vertical shaft to 
which are attached a number of disks, the whole being supported on jewel 
bearings. The position of each element relative to the disk 1s adjustable, and 
its torque may be varied from zero to maximum, thus providing compensation 
for differences in instrument transformer ratios. The main control force is pro 
vided by two heavy spiral springs of the conventional type. The pen-arm in 
ludes a simple straight-line motion, so that the 5-inch scale-width strip-chart 
has rectangular codrdinates. Damping is accomplished by a vane operating in 
a sealed mercury chamber. Small pilot lights energized from special windings 
on the electromagnetic systems provide a positive check on the excitation of 
the voltage windings. These instruments are regularly supplied for combina 
tions of 4 to 14 polyphase circuits, and for telemetering purposes can be fitted 
with a Selsyn transmitter similar to that shown in Fig. 44-43 


Westinghouse Totalizing Recorder 

The Westinghouse totalizing recorder, Fig. 45-4, embodies the Kelvin bal 
ance movement described in connection with relay-type recorders.* Polyphase 
units mounted one above another are mechanically linked together with a light 
metal coupling, so that their joint reactions may be opposed by a common con 
trol force. The circuit connections and balancing mechanism are substantially 
identical with those described in the earlier sections of this work. The calibrated 
width of the chart paper is 54 inches. These instruments are listed for circuit 
combinations of 2 to 12 polyphase elements. 


Baker T otalizer 

The Baker totalizer embodies a Kelvin balance type of unit, the control force 
being provided by the action of gravity on a movable weight. The general prin 
ciple is similar to that of the Westinghouse “Type G” relay recorder.* Instead 
of a single Kelvin balance, the required number of measuring units are grouped 
in vertical relationship, the current coils being adjustably mounted on a com 
mon base plate and the potential coils carried on a pair of rods passing verti 
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F THOSE who through the 

past three score years have 
become acquainted with the 
name of Friez few realize the ex- 
tensive lines of instruments and 
controls in various fields that are 
of Friez manufacture. 


Wherefore we list 


@ FOR WEATHER 


Thermometers 

Thermographs 

Sling and Whirling Psychrometers 

Electrically Fanned Psychrometers 

Mercurial Barometers 

Recording Barometers 

Anemometers 

Wind Speed Indicators 

Wind Speed Recorders 

Speed and Direction Recorders 

Four Condition Weather Recorders 

Measuring Rain Gages 

Automatic Indicating Rain Gages 

Tipping Bucket Rain Gages 

Electrical Rainfall Recorders 

Weighing and Recording Rain Gages 

Sunshine Duration Recorders 

Special Installations for Display or 
Industrial purposes 


@ FOR AEROLOGY 


Altitude Barographs 

Recording Altimeters 

Airplane 3 Condition Meteorographs 
Balloon 3 Condition Meteorographs 
Kite 4 Condition Meteorographs 
Ultra-Precision Barographs 


@ FOR HYDROMETRY 


Water Stage Recorders 

Water Stage Indicators 

Water Stage Distant Transmitters 
Water Stage Distance Recorders 
Evaporation Hook Gages 

Snow Sampling Equipment 


@ FOR AIR CONDITIONING 


Humidity Controllers 

Humidity Indicators 

Temperature Controllers 

Effective Temperature Controllers 
Window Condensation Controllers 
Pocket and Standard Psychrometers 
Hand Psychrometers 

Electrically Fanned Psychrometers 
Humidity Recorders 
Humidity-Temperature Recorders 
Recorders of Remote Conditions 
Hand Anemometers 


Air Flow Meters 


Julien P. Friez & Sons 


Incorporated 
BALTIMORE, MARYLAND 


(Subsidiary of Bendix Aviation Corp.) 


“The Makers of 
America’s Weather Instruments’ 
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rig i strument ¢ this type, insta ed 1 Q]4 1 the plant of t 
Co. at Niagara Falls, contains 24 polyphase elements, representing 
160,000 kw. On the Slg-inch graduated chart-width the instrume 
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Instrument Transformers and Combinations 
The general purpose accomplished in the use of instrument transt 
ition purposes is to provide in the current winding of a wattn 
ir meter avcurrent which shall represent the resultant of the 


the several circuits whose power loads are to be added. In order t 
1 } 1 


| iis 1] ee ae 
this principle it 1s necessary that (1) all the currents must be derived 
ea r es re 11 sent wachros: n) 1) ) 
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A truly 
“Combined ”’ 


CONTROLLER- 
RECORDER 








JOHNSON 
“RECORD-O-STAT” 


@A_ single, mercury element 
actuates both devices, recorde 

co insuring accu 
rate calibration. All-steel sys 
tem with Atomic Welded joints 
Capillary tubing up to 75 fee 
in length protected by bronze 
braiding and armor. 


and yntroller, 





A railal ] > ] with ¢ >] 
ValiabDie aliSOo witn WO e€l€ 
ments, each operating a sepa 
rate pen-arm and control relay, 
useful as a recorder ind « 


roller of wet- and dry-bu 


@A variety of bulbs for ever; 


requirement between 40 Fahri 








1000 "en- h i ahve 
and 100( Ten-inch recording 
chart with effective scale width 
or 3 . A rugged all-metal 1 
with jewelled bear 
precise construction 
it. Sturd alumir 
moisture-p f sea 
convenient amping knob and 
@ Cont perated 
; 
by compre 5 pound 
Sens t t changes 
iflec L i ¢ iid 
branc ne pressure change 
le gree tempe atu ha g 





JOHNSON SERVICE COMPANY 


Main Office and Factory: MIL WAUKEE, WIS. 
Branch Offices in all Principal Citi 
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NEW INSTRUMENTS 


In this department we strive to report each month ALL the new devices 
for measurement, inspection, testing, metering and automatic control—in the 


form of concise technical descriptions. 


When writing to manufacturers directly, please mention this department 


as your source of information. 


Or write to Information Section, Instruments Publishing Company. 








Low-lag Separable-well 
Tube Systems 


New *Thermospeed” separable - well 


e system is said to have a speed re 
nse closely approaching that of man 
ufacturer’s fastest bare-bulb tube SVs 














tems: approx. six times faster than aver- 
age separable-well tube system now in 
service; almost twice as fast as separ- 
able-well thermocouples. Manufacturer 
looks upon “Thermospeed” construction 
as most important advancement in tube- 
system design in recent years.—Taylor 
Instrument Companies, Rochester, N. Y. 


Hydraulic Command for 
Variable-speed Drives 


\pplicable to maker’s variable-speed 
transmissions of sizes “000” to “8” inelu- 
Sive, whether new or now in use, this 
hydraulic unit makes possible continuous 
automatic control of speed within the 
limits of the transmission. It is actuated 
by an indicating lever attached by cable, 
link, ete., to any element whose displace- 
ment is a function of the speed to be 
controlled. The force required being of 
the order of 2 or 3 oz. and the minimum 
displacement required to bring about a 
change of speed being “a very small 
fraction of an inch,” such available ele- 
ments’ as floating rolls, diaphragms 
(where pressure is a function of speed), 
floats (where level is a function of 
speed), ete., can be utilized to actuate 
the lever. Tension springs P; and Ps 
protect control mechanism in event of 
sudden or excessive motion of primary 
element. The “Hydraumatic Control” 
comprises a fractional-h.p. a-c. or d-c. 
motor continuously driving a geared 
pump which delivers a steady stream of 
oil to the pilot arrangement. This con- 
Sists of (1) a relief valve through which 





the oil passes when the speed is correct, 
and (2) a two-way valve which is the 
actual pilot. The power device proper is 
a reversible hydraulic motor; it is con 
nected to the shifting screw of the vari 
able-speed transmission by sprocket and 
chain. Normal time for shifting from one 
extreme to the other is 35 seconds: mode 
of control is non-hunting._-Reeves Pul 
ley Co., Columbus, Ind. 


D-c. Industrial Analyzer 

Minimizing both set-up and_ testing 
time, this compact new analyzer is self 
contained in a case 8” x11” x 13”. It has 
two instruments. The ammeter has self 
contained shunts for 714, 75, 750 amps 
and can also be changed to a 50 millivolt 
instrument by changing the position of 
the switch. This permits the use of any 
range, 50 millivolt external shunt. The 
second instrument reads volts and ohms, 
and there is a switch for changing ranges 
(150, 300 and 750 volts: ohm ranges are 
5 and 500 at center of scale, can be read 
from ©.1 ohm to 20,000 ohms). The two 
instruments permit the reading — of 


unperes and volts at the same time. Thus 
the set can be used in making practically 
any type d-c. voltage, current or resist- 
ince test with minimal connections. 
Westinghouse Electric & Mf aq. Co., Rast 
ittsl urgh, Pa. 
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AMERICAN METER COM 


Measurement and con! ™ 4 


Eerasiame 


PANY 


GENERAL OFFICES: 60 E. 42ND ST., NEW YORK, N.-Y. 








7 es 
AMES 


GAUGES 


Simplified for Accuracy 


AMEs 


for accuracy 


CAUGE 


Fewer parts, sturdily constructed 
and easily replaced, make gauges 
that measure accurately for long 
periods of time. In AMES Gauges 
simplification is accomplished by as- 
sembling wheels, pinions and springs 
onto one large staff that otherwise 






would require two or more staffs 
This exclusive and patented single 
staff assembly has only a simple sup- 
port, held by but two screws. 

Many types and sizes of gauges are 
shown in our catalog. Be sure that 
you have a copy. 


B.C. AMES Co. 


WALTHAM, MASS 
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CONTINENTAL 


Vacuum Power Switch 


CONTINENTAL ELECTRIC CO. 
S+. Charles 6, Illinois 














URMAN 
OFFERS 

2 New x 
D.C. 
Sensitive 


Relays 





SENSITIVE 

14 Milliwatts for positive operation. 
ADJUSTABLE 

Pull up—drop out—speed. 
DROP OUT 

From 50 to 85°% of pull. 
CONTACTS 

Fine silver—1%42 amps 110 V. A.C. 
RANGE 

.0005 V. 25 amps -to- 20 V. .00065 amps. 
FEATURES 

1C—-Wide contact separation 

2C—-Speed .001 seconds. 
RUGGED 

Some customers report 4 years continu- 

ous satisfactory operation. 


Kurman Electric Co., Inc. 
241 Lafayette Street, New York City 





INSTRUMENTS 
Page 5 Vol. 9 





W ater Level Recorder for Oxygen Regulator 
Hydraulic Laboratories Primarily designed to deliver larg 


; volumes of oxvgen ( 1000 ft.3/hr.) a 
e solution of problems connected ria 
- ; ' relatively high pressures such as or 
reservoirs, splilwavs, rivers, and Ps: _ . 
; : : : heavy cutting, deseaming, furnace tap 
Ti ri\ estuaries where Compe x : : , 
; } ver" ping, etec., nev 
ettects are involved, new Stevens 
" a : , heavy duty 
re \I Recorder CONSISTS @CSSOCTELALS ‘6 e < 
‘ \irco DI] 
drum driven by in electric ’ 
. stvle S490 
( }>l iry pen supported on * 
kage, finds use pri 
er float. Chart is 36 long, and 


cipally wher 
ONS gen dem tn 


Is greater thar 


] 
can be handles 
by the conver 
tional regula 
tor, where close 
pressure regu 
lation ind 
low end-point 


ire desire d, 





\ h 2s precis¢ 
pressure regulation with medium flo 
It is of the two-stage pres 
sure reduction type Maximum operatit 


is involve 


pressure 200 [bs./in.2; maximum deli 
ery capacity 8000 Tt.3 hr. provided ce 
livery pressure 100 Ibs. /in.2: pressure 
regulation is practically independent. of 
rate of flow from full-evlinder pressure 
down to regulation end point: pressure 
variation will generally be + () 
Ib. /in. - Departing from convential re 
lator design, this regulator uses the Airc 
laboratory cle veloped “feed-back” rit 


ciple (See full description thereof, / 


fruments, sept 193333, pages 167-170 
Difference between first ind secon 
stage pressures 1s wavs) maintaines 
scales of 36, 18, 12, 6, 3, and 1 substantially equal to first-stage pressure 
} 1 } ’ Bea 7 co Kae = : . % 
‘ a, Interchangeable when adjusting screw is” entirely re 
the same mmstrument. Gage scale is isl, leased fir Reductii Sales f L 
t is, the graph is aetual size Phe ( Bida Ind St., New Ye 
I ter levels is normally 0.5 ft 
er ranges to ord Pen is said te 
l t ¢ ug to registe chang 
‘ f Wherever numb eT oe ~ y P , . 
Static A-c. Voltage Regulator 
( re 1 list s OF ‘ 1 5 ‘ 
, Obviating need of frequent Inspectior 
‘ ‘ vided rhhy Thive 4 
: idjustment and maintenance, a voltage 
‘ ec r\ el re . z 
; ag ee , regulator without contacts, tubes or mo\ 
ov in Iie Lite Ine ofl ‘ vs 5 
recorder ix made. sav. every minuls ing parts exemplifies the increasing tren 
le a nuchitton ai 
ered ! rk is made simultane 
recorders Leupold, Volpe 
\ / lie Portland 


Shipper-rod-operated 
Master Switch 
re shipper-rod-operated master 


ich performs the function of a 





nentarv-contact push but 
is said to possess ady intages 


over Previous Sw itche Ss 





tf this tvpe in that it 
gnetie contactor ? eeaaahan 
ill pick-up and seal hag ES 
it evel when the : 
shipper rod is) oper 
ted rapidly, and will 
drop out and remain towards simplification of voltage regi 
unenergized in the lating equipment. Rectified a-c. current 
CASE ot voltae fail proportional to the load is used to con 
ure even when the pound the exciter field, varying with the 
shipper rod does not load on the generator Energy for re 
complete its travel. A quired idditional voltage-corrective ef 
short time delay be fect is obtained from generator potenti 
een making and nd through a combination of reactor. 
breaking the pick-up resistor and dry tvpe rectifier circuits 
is emploved, so that this circuit Designed for small a-c. units, the nev 
ivs be broken after it has once device in its initial si is applicable 
established, regardless of the pos units where exciter field current lL amy 
vhich the shipper rod is left Westinghouse Electric & Mf 
Ilect ( Schenectady. N. J Kast Pittsburgh. Pa 
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(c.g nev 
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e prin 
where 
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handlec 
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il rev 
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eactor, 
ircults 
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Positive-action Positioner 
for Control Valves 


Microchemical Microscope 
Newest product of the Reichert Opti 
Works (Austria). Rack and pinion 
idjustment. Square object stage 
sliding sleeve, for a condenser or a 
rizer. Plane 
coneave mir 
djustable in 


Developed to eliminate sticking of air 
operated control valves, the “Vernier 
Valvactor” enables throttling tvpe air 


rse 


operated control instruments to make 


small gradual adjustments of the con 
trol valve position regardless of friction 
or hysteresis. It is claimed that the air 


from the control instrument need change 


lirections, 

' be swung 
le for obtain 
blique illum 
tion. Objec 
es 414 x, Eye 
ce 8X; magni 
tions 36-80 x 
yotional, double 
epiece for ob 
tives. Vecesso 
ies: (1). jor 
wu ring Eve 
ce micrometer 





ie 
x, stage mi 
neter 2 mm. 
ided into 200 
rts. (2) spare 
tics Ach 

objective l6 x, evepiece i 

ens Abbe condenser ip. 120 with 

diaphragm; detachable front lens, 

ear lens may be used separately ; same 


lenser may be furnished with vertical 
ustment by spiral) movement 3 
polarized light—Centering rotatir 
e inset with circular division, 360 


d index, for placing on the object 





stage of the microscope; also polarizers 


nd analyzers for both high- and low s little : of water 
er magnifications Pfaltz & Baue corrective positioning of the 
Pearl St.. New York City force the stem to take a posit it 
(4) ] Of the previous one In the ere 
Inajority of inst tions the make 
Draft Gages contro! vaives will respond proportion 
: 5 tely to sn c nyes in ir pre ire 
lo maker's line of boiler-house instru without this. device. It assures exas 
ments is added a line of indicating and response where the ive cte , 
recording draft gages employing ney 7 ust be very tight oO preve p 
‘suspended type” slack-leather di here the fluids ( INC S ro ae 
Mragm pressure-measuring units of an solids and friction is « er eu vic 
improved design which facilitates both ble or wherever there is d nyger of 
friction deve ing. ‘The it mol e¢ 
in cast UMMMNUML Case Ss CO ete 
veathe rproot, na omy ye exposed 
Thre elements The case is SO i bye 
in gas-tight construction proper! enter 
for operation indoors on gas sup) j 
He ent piped ( sate spl uy 
pare winiiiaiitii The positioner ¢ ( ed aires 
J DEFENDER to the spri sing ‘ size 
a Stabilflo es The | 
~ Ve) f loenue, I / 
Power Rheostats 
tecommended for sucl rpolic 
St 1] Moto speech contr Te eT ( 
control of vacuun be Tre sors 
heating devices, voltage or current. re 





tory nds >, me 
rheostats dded ¢ 
!} maker's line are of 
t&3 3 vitreous enameled 
0 setting and ealibration: an adjust construction it 
‘ pendulum obviates the need of tools wire-wound el 
Indicators ind recorders are of square ments and “speci 
form, with one, two or three scale Indi metal gr 1) t ¢ 
tor cases are 10”x10”’x41.."; recorder Composite co 
ses are 121, square by only 3” deep, tact S ( Live 
rt diameter 10 In iddition to pres re rranged 
re-measuring elements, there are iN iil single-hole mounting. S 
e for indicators or recorders flue (FAs ire insulated f 
ermometric elements of nitrogen-filled ting mounting 
pe with remote bulbs as illustrated SIZES re ¢ 20 ) 
fender Automatie Reaqulator Co N/ ind 15 gy 
is, Mo, Varick St. New }¥ 





YRO ooricaitomGnerer 





SELF - CONTAINED, 
DIRECT READING, 
RUGGED AND 
FOOL-PROOF 


lt nique construction 
enables operator to 
rapidly determine 
temperature even 
on minute spots, 
fast moving objects, 
orsmatlest streams; 
no correction charts 
—no necessories,. 
PYRO OPTICAL is 
now available in a 
new type with three 
separate, direct- 
reading scaltes— 
ideal for steel mill, 
open hearths, soak- 
ing pits, laborato- 
ries, ete. 

stock Ranges: 

1400) te S500) OF, 


PYRO RADIATION 
PYROMETER 


































Ww 


THE PYROMETER INSTRUMENT CO. 
103-107 LAFAYETTE ST., NEW YORK. N. Y 
GRANT BLDG., PITTSBURGH, PA 














Rawson 
Twin Multimeter 





29 ranges in less space than any near 
equivalent combination— 


size 12 x8 x6 


RANGE OF MEASUREMENTS 


List Price $165.00 


iw’ measuri Q i s J 
ly es having w pivot movem t 7 
weight is fted from jewels w ampe 
transit. Electrical | g ¢ t a r 





RAWSON ELECTRICAL 
INSTRUMENT COMPANY 








POTTER ST CAMBRIDGE MASS 
Bran | Seventh Ave New York 
Reoresentat E N. Webbe 
7 Wa gt B 3 
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“ALNOR” 
VELOMETER 


(Boyle System) 
Instantaneou 
Direct Reading 

Air Velocity Meter 

per minut 
Write for Bulletir 


Illinois Testing 
Laboratories 


Incorporated 
142 W. Austin Avenue 











Chicago, IIlinols 








Surface Temperatures 








Fiat 

Stationary The “Alnor” 

or 

Moving Combination Pyrocon 
Curved 

Surtaces Ideal for rolls, molds, 


plates, platens and 
plastic material temper- 
atures. 

Write for bulletin. 


Illinois Testing Laboratories, Inc. 
142 W. Austin Ave Chicago, Illinois 


/ 



















MICROMETER 
FREQUENCY field — ranges 
METER from 500 60,000 KC. 


LAMPKIN LABORATORIES 


BRADENTON, FLORIDA 


for 
the radio 














‘‘Inspiration’’? Rot! 


I; simply takes train- 
ing to tune up your mind so that it will 
naturally produce more valuable ideas— 
and more of them. Send for details of 
our home study course. 


TROFIMOV SCHOOL OF INVENTIVE 
PRACTICE, Inc. 


3859 Northampton Road Cleveland Heights, Ohio 














20 mm. or 0.5 p 


High vacuua or 
accurate gas pressure. 










Electric Vacuum Gauge 


(Pirani type 
1] 
jolder on request 


WINSLOW 
ENGINEERING CO. 
138 SUSSEX AVE. NEWARK, N. J. 
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Grid Glow Tube with 
Built-in Time Delay 


\mong advances in gaseous discharge 
tube design embodied in new “KU-676" 
tube are a built-in time delay for pro 


tection of the cathode when starting the 





tube, and a new cathode design resulting 
in a high ratio of 
rent rating which is important for such 
applications as Ignitron control, welding 
timers, rectification, ete. Di 
rectly-heated portion of cathode is an 
edge-wound helix closely surrounded by 
n indirectly-heated portion of  per- 
forated metal coated only on the inside 
surface. Discharge is thus forced to pass 
through perforations in screen and then 
outward through annular space between 
screen and first radiation shield. Pur 
pose is electro-static shielding of active 
cathode to such an extent 
subject to high field 
strengths and are also protected from 
excessive positive ion bombardment. 
Fig. 1 shows the new tube; Fig. 2 shows 
two of them in a spot welding timer. 
Current rating of “KU-676" tube is 6.4 
unps. average and 75 amps. crest while 
heating energy 
watts Westinghouse Electric x 
Co., Last Pittsburgh, Pa. 


crest to average cur 


6 ph ise 


surfaces of 
that they are not 


cathode required is 55 


Mfq 


Motor Tuner 
With “Model FE 
that electrical tests can be made on 
the battery, starter, generator, voltage 


new 166” makers as 


sert 


regulator, relay, ammeter, ignition cables, 





coil, condenser, spark plugs, wiring and 


radio resistors. Also, through use. of 
compression ind vacuum gage, it tests 
valves, fuel pump, rings, and other me- 


chanical units. Supplied with the “E- 


166° are a Deleo-Remy test coil, and 
coil specifications for Deleo-Remy and 
Autolite products Allen Electric y 


Equipment Co., Kalamazoo, Mich. 


Combined Humidistat 
and Thermostat 


instruments for air-condi- 
announced, b 


Two new 
tioning applic itions are 


housed in a new smaller and moderni 
case (7” x 44,” x 134”) but differing 
their functi 





One is a 1 


“C omf ort? 
described fully 
in our May 
1934 issue, page 
1Ol; the ot 
is a new combi 
nation, the 
“H ytherst 
which — likewi 
combines a 
midistat and a 
thermostat 
without inter 
reared sett 
dials. It « 
sists of one case 
enclosing two independent instruments 
i humidistat and a then 
stat. Kach of these, as described in 
struments Feb. 1933, page 39; M 
1933, pages 105, 109; May 1934, page 98; 
is available in numerous styles, such as 
snap-action single-pole double-throw for 
humidifier control; for heater 














mechanisms: 


contr 


etc., so that a considerable variety of 
combinations is possible—Julien P. F 
ra Sons, Ine.. Baltimore, Mad. 


Pressure Switches 
Announcement. of “Klixon T 
PS” makes available for pressure contro 


new 


of steam-heating boilers and various il 
dustrial applications a snap-acting devic« 
which is adjustable both as to cut-in 
setting and differential. Eight 2-wire and 
3-wire models are announced, for ele 
trical ratings from 0.3 amp. to 10 amp 
1, hp. operation: Motion resulting fron 
pressure exerted on bellows is trans 
mitted directiy to the “Klixon” disk actu 


srencee t** 


-—- = 





ating the contacts with a positive s! 
action. disk, and contacts ar 
enclosed and protected by bottom « 
Klixon disk obviates need of t 
mechanisms and minimizes points of 1 
and lost motion. Adjustments for 
cut-in and differential 
ire independent. Both are enclose 
prevent accidental change or tampering 
ind are accessible by removing the ¢ 
which is held by 
ire provided with insulating caps, 
ing no exposed current carrying Pp 
34 Fores 


Bellows, 


pressure sett 


two screws. Tern 


Spencer Thermostat Co.. 
{ttlehoro, Mass. 


model of. the 








tat 


air-condi- 
need, bi 
iodernized 
iffering 
functions 


iS ail 

el of the 
m f ortrol” 
bed fully 
ur May 
ssue, p re 
the other 
ew Combi 
Om. i € 
t herst 


likewis 
nes a hu- 
tat and a 


It c 
of one Case 
struments 
a thermo 
bed in 
39; M 
4, page 98; 
Ss, such as 
throw for 
‘r control, 
variety of 


a ae ee 


'S 
ixon Type 
ire control 
various in 
ting devic 
to cut-in 
2-wire and 
, for elec 
to 10 amp 
Iting fron 
is trans 
disk actu 





‘itive SI 
mtacts are 
yttom case 
of t t 
nts of wea 


s for 


ncloset 


tampering, 


o the c 
_ Tern 
caps, 

ving Pp 
Fore s 


Pulp Drying Oven 
ick drving and low-cost operation 
timed for this gas-heated unit, as 
s ease of regulation. Casing dimen 
ire 60”x19”"x19"; five baskets, each 


ring 16 

rt by i 
have per 
ted bottoms 
each will 
mmodate 

5 kg. of pulp. 
consulp 

is approx. 

ft. 8/hr. and 
er is driven 

, hp 

\ir used 

r drying pulp 
eated indi 


it specially 
tructed so 
vas Tumes 
not come 
ntact with 
puly Ileated 
ir is passed through the oven under a 





forced draft which cuts considerably the 
time required to dry the pu'p: 
erades of pulp containing < 20% 
ture may be dried in about four hours, it 


normal 


TOs 


is said, and it requires from five to ten 
minutes to brine oven to proper drying 
United States Testina Co. 
Hoboken, N. J 


temperature 


Live Park Ave., 


Resonance Indicator 

Making use of the “6E5" electron-eve 
tube, new “Taco” device indicates de 
gree of resonance for accurate tuning 
of set or individual r.f. and i.f. circuits; 
is a means of aligning stages; may be 
used as output meter; checks for “opens” 
or “shorts” in component parts and cir 
permits of matching condensers 
capacity 
may be used as a bridge 


cuits; 
ind indicates values; checks 
audio fidelity ; 
indicator in place of galvanometer. Em 
plovs two “6116” metal 
used in voltage-doubling circuit to sup- 


ply necessary plate power for “6E5;” 


tubes: one is 





ler operates as linear diode detector, 
le rectified signal of which is amplified 


+} 


by triode section of “6E5” and applied 


to control element of latter's electron 
V section. One “6H6" and the “6E5” 
re housed in’ metal measuring 
AN,” x 536” x 534”; second “6H6” mounts 
external provided with 
leads and clip. Cord with rubber 

ig for 110-volt supply. Luminous disk 
th variable dark segment, provided by 
ctron-eye tube, is seen through re 
sed shadow-box opening in upper 

rt of engraved face plate. Below is 
controlling sensitivitv.—Technical 
iance Corp., 17 FE. 1 St., New York 


case 


metal case 


Annunciator Systems 
Centralized indication of abnormal 
conditions such as temperatures, pres 
sures, speeds, flows, illuminations, volt 


ages, currents, ete., is the main purpos« 





2 
C0 00 00 00 08 ce 06 


NG Sago 





of a new line of signaling units, but im 
provements reported include also auto 
matic registering number. of 
times any light is flashed, audible signals 


counters 
which sound continuously or intermit 
tently and are silenced manually or auto 
matically, ete. Provisions for operation 
on either continuous or momentary alarm 
contacts are obtainable with manual, 
automatic, or remote lamp-reset features 
Audible alarms of any size or 
may be had with any of the reset fea 
tures. Alarm fusing, ground indication, 
and instantaneous lamp cheek are said 
to make it practically impossible for any 
part of a plant to fail without 
immediate warning. Each circuit has its 


voltage 


fiving 


name plate. In addition to conventional 
form panels 

brought out also turret-form panels 
Ke lloga Switchboard & Supply Co ( 
W. Adams St. Chicago, Til. 


as illustrated, makers have 


Solenoid Valves 


To maker’s line of solenoid values has 
heen added a packless tvpe for air, gas, 
fuel oil (Nos. 1, 2 and 3), water, methyl! 
chloride, “Freon,” ete., at temperatures 

212°F. New construction permits dis 
assembling without removing from pipe 
Bodies are all bronze, screwed, with selt 
aligning bronze needle type disks closing 
in direction of flow. Removable bonnet 


carrving solenoid has a single gasketed 


joint said to be of improved design ob 





viating danger of leakage when usec 
with refrigerant 


pipe sizes (34” and 14”) and \ 


Three port sizes, two 
electrical specifications provide a ice 
futomatie Switch Ce... 15 


York City 


choice. 
Grand St Nex 





RUBICON TYPE B 
RESISTANCE BOXES 





are 


HIGH GRADE THROUGHOUT 
Ask for Bulletin 1( 


Electrical Instrument Makers 
Philadelphia, Pa. 
Resistance Boxes. Wheatstone and Kelvin Bridges 
Potentiometers. Galvanometers. Electrometers. Split 


Core Transformers. Coil Testing Instruments. Mag 
netic Testing Apparatus. 


SPECIAL APPARATUS BUILT 


29 N. 6th Street 


rO ORDER 








SHALLCROSS 


Megohm Decade Resistance Boxes 





Emploving the highest grade ( 
reactive wire-wound_ resistor nits 
and the most moder methods 


} 
nsulation 


hese Megohm Decade Boxes ma 
} j 
a 


is resistance compa 
Ss inda ds 1 rratory t 1a Ie 
potential dividers, and it} 
ipplications in the physics 
1 t il i rat 1es 
‘ l for Bu fin ¢ Hib 
‘ Vd 1 7 cfr 


SHALLCROSS MFG. CO. 


COLLINGDALE PA 
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For thermal analysis of 
etals, determination of 
critical points and co- 
efficients of expansion. 
<pansiol temperature 
irves can be automati 
cally recorded with high- 
est accuracy. The instru- 
nent combines simplic 
of handling, compact 
ness, highest precision 
ind low price. The great 
sensitiveness in record 
the minutest volume 
ges, the  unbeliev- 
ibly low friction in all 
bearings and the optical 
precision. transmission 
stem make the equip 
nent especially valuable 
or every Metallurgical 
Research Laboratory. 





{ New Automatically Recording LEITZ bD ILATOMETE 1 





E.Leitz 


» Wetziar 


EK. LEITZ. Ine.. Dept. | 
60 EAST 10TH STREET NEW YORK, N. Y. 


Branches: Washington, D. ©., Chicago, Hlinois, Los Angeles, Calif., San Francisco, Calif. 








A DVE RT | SE RS’ Thermostat for Bonnet, Fan, be uniform within 2 db and to cont 


INDEX 


10,000 eveles, output voltage is) said 


and Duct Control 5% distortion. An outpul potential 


27 volts is developed it 5,000) ohms 














Makin vailable a voltawe range 1 ) é ce 
Sei a,i8 4] ts he agit d pedance. ‘Two type ‘76 heterodyne 
0 250 volts, this new thermostatic con ; . 
oscillators generate the mudio voll 
trol for bonnet, fan, and duet service : , a } 
Page Teer ae ag last which is demodulated in’ type ‘76 ti 
is in ld pUSTADL ranve rie in i¢ Is ee 
American Meter Company 49 . . ind amplified by an additional au 
Ames Company, B. C. 49 stage employing a type ‘76 tube. “Mi 
Bailey Meter Company 43 79” is operated directly from wu 110 
Bakelite Corporation AS 60-cvele power line. A) built-in vacut 
Baldwin-Southwark Corp. tube voltmeter serves as a ZeVO beat 
Inside Back Cover dicator and output level indicator 
Bristol Company Back Cover voltage is to be held to limits close 
Brown Instrument Company Al 2 ab Clough-Brengle Ce 
Cha Vals Co... W. M A9 lustin [v6 Chicaao, TI. 
ALE « c 0)... e i . f 
Columbia Electric Mfg. Co. AQ 
Continental Electric Co. 50 
Eppley Laboratory, Inc. A7 “p 47 ” TH 
encl pe 1ermostat 
Federal Products Corp. A9 YI 7 
Fish-Schurman Corp. 46 Bi-metallic thermal element consist 
Ford Motor Co., Johansson Div. 55 invar rod in ®o" o.d. brass (or. ot 
Foxboro Company Inside Front Cover metal) tube; operates lever which a 
Friez & Sons, Julien P. 15 ites contactors in aluminum housing | 
7 ided wi hitrarily-calibrated sett 
Gaertner Scientific Corp. A vided . ith arbitrarily-calibt ited st | 
General Radio Co a7 dial. Feature is a neon pilot light 
« « 4 . 
Gordon Co., Claud S. A10 Lyle differential, ind its mounting = 
Illinois Testing Labs., Inc 52 bracket is swiveled) for convenience in ( 
. : mountin ith the thermosensitive ele 
Johannsson Gage Div., Ford Motor oo 
. ( — ment in the plenum chamber of the fur 
oO, > “ : . = 
n o 
rn It mav be used either as a high 
Johnson Service Company 4 2 : ; . se 
; : i imit control or as a fan switch to permi 
Kurman Electric Co. »0 the fan to sonerate: onlk one Ment Ac 
Lampkin Laboratories 52 Hable Spencer Thermostat (Ce 
Leeds & Northrup Company \6 Forest St {ttleboro, Mass. 
Leitz, Inc., E. 54 
Littelfuse Laboratories A8 
Minneapolis-Honeywell Regulator Co. A5 
; Derect- » ‘ ~s11- . 
Pioneer Instrument Company 14 Portable Audio Oscillato1 
Pyrometer Instrument Co. 51 Ne “Model 79° portable beat-not 
: ~ udio os lator S 1 S " 
Rawson Electrical Instrument Co. 1 ude cillator is continuously variable 
Review of Scientific Instruments A4 from zero to 10,000 eyeles. From 50 — to hicl ae ; 
Riehle Div., American Machine & ag ee i yee ‘hshgceenatien ele - 
Metals Mfg. Corp. 48 = ti it ou = connection —— 
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Rubicon Company 53 eel be mounted in a aay Jocati 
; : ie emperature range (regular) is 50¢ 
ssamcross Mig. Co. ed differential} id to be 1°F. Rati 
; wuterent S sa ( s \ l 
Slip-Lens Company Inside Back Cover 2000 watts 1LO- or 220-volt ae: 
Taylor Instrument Companies A3 watts 110- or 220-volt d.c. Designed 
riplett Electrical Instrument Co. A9 only for immersion of rod but for } 
Frofimoy School of Inventive ‘ations where rod is to fit into groot 
Practice 2 hole in met il plate, iS on presses el 
Ward Leonard Electric Co. A4 George Ulanet Co.. 85 Columbia 
Winslow Engineering Co. 52 Vewark, N. J 
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a pointer on PRECISION 


There’s one sure way to obtain the greatest degree of precision 
in any kind of toolroom work. That's to provide the toolmaker 
with Johansson Gage Blocks — the world’s standard of measure 
ment. Complete sets or individual blocks available at moderate 


prices. Write for Catalog No. 11. 


Om A VN &§ S&S ON 


GAGE BLOCKS AND ACCESSORIES 





\ 


Manufactured, sold and serviced in the United States and Canada by 


Using combination of Johansson Gage Blocks FOR D MOTOR COM PAN Y 


to measure snap gage on a grinder Johansson Division Dearborn, Michigan 
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Calif. New temperature controller is said to changeable elements for ir control, NE W LITERATURE 


more flexible in adjustment and more steam-pressure control, water-pressure 


ee urate in setting. It is applicable not contro In this department we list each month the printed 
vy to replacement of rheostat control 





matter issued by manufacturers Unless otherwise 
noted, any of the Items listed may be secured free 
upon application to the issuing firm. Manufacturers who 
have not yet sent in their printed matter are Invited 
to do so. 


in combination with existing aut 


is said tic control. ‘Four standard models: 
to cont Model M” designed to prevent 1 con 
votential nt load from rising in temperature 
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line O minimize resistance na vod 
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piece of Manufacturers’ Literature listed 
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Comparator Microscope 

For use by tool makers for accurately 
measuring extremely small points” on 
tools, dies and finished products and for 
use in inspection departments for check 
ing purch ised articles . 
ivainst required spec 
fications, a new com 
para tor microscope 
consists of a 60-power 
microscope 
wilt in ad 
just ible eve 
piece for 
f "using 

on 


the cross-lines on the microscope field 
ind a movable carriage on which the ob 
jects are fastened. The carriage has a 
movement of 5” longitudinally and 1 
laterally. Proper means of illumination 
ire incorporated in the design so that 
measurements can he made on opaque 
Measurements in one direction 
directly on a 2” diam 


objects 
are read to 0.001 
micrometer dial, and in the other direc 
tion to 0.01” from a vernier scale. Frame 
issembly and carriages are constructed 
of aluminum alloy; all other moving 
parts of non-corrosive metals.—Stupa 
koff Laboratories, 6 Hamilton Ave., 
Pittsburgh, Pa. 


Thermal-induction Relay 

Designed for use in oil-immersed mo 
tor controllers, a new thermal-induction 
relay with tripping characteristics facili 
tating starting high-inertia loads at full 
voltage, has a series line-current coil 
which produces a flux in a magnetic core 
and induces a current in a copper sleeve 


about this core. Heat from this copper 
sleeve is directly conducted and radiated 
to a bi-metal strip whose deflection 
causes a set of contacts either to open 
or to close. The contacts, normally closed, 
have a_ slow-opening action, preventing 
too quick tripping on overloads. In trip 
ping at any load, localized temperatures 
are said to be much lower than with the 
heater-type relays heretofore used in oil: 
no more carbonization and consequent 
changes in relay characteristic. 

Electric Co., Schenectady, N. Y. 


‘ 7 
General 


Pocket Illuminometer 
Small enough to be conveniently tucke 
into vest pocket or woman’s purse, 
new light-prescribing and measuring de 
vice, called the “Sight Light Indicator, 


SEWING 
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LARGE 
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ee 
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\ 
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may be used 
wherever illu 
mination ap 
praisals are de 
sired. Alumi 
num die-cast 
case approx 
o" & ye” x 
11,” finished in 
telephone black with polished — trim 
Weight 7 oz. The scale covers 0-250 foot 
candles, is logarithmic rather than linear 
so that low intensities are measurable, 
bears printed notations recommending 
minima for different types of work, and 
is also divided into colored zones (from 
red for danger to blue for safety). Wes 
ton “Photronic” dry-disk self-generatin: 
photocell is located in recess on face of 
instrument, so that user, in reading the 
scale, naturally normal 
working position (in which his head and 
shoulders may intercept much of the in 
cident light) and the instrument then 
shows whether changes should be made 
in location of light fixtures, ete.—The 
Sight Light Corp., 342 Madison Acve., 
New York City. 


assumes _ his 


Transformer Speed Regulators 


for Capacitor Motors 
Manually operated transformer speed 
regulators for high- and low-torque 
capacitor motors, with and without full- 
voltage starting for single-phase and 
polyphase fan motors, 
consist each of a 
tapped autotransform- 
er and a snap switch, 
and, for providing 
full-voltage start- 
ing, a relay which 
affords automatic 
transfer to the de 
sired running posi 
tion. With special 
additions, these 
new regulators are 
available for re 
versing service as 
well as for opera 
tion from _ external 
sources such as ther 
mostats in an air 
conditioning system 
Snap switch provides for three speed 
positions, and other low speeds may be 
obtained from the autotransformer 
through reconnection of transformer taps 
to snap switch, giving a total of seven 
reduced speeds. The regulators are for 
single-phase motors, rated <2 h.p. and 
for polyphase motors rated <5 h.p. The 
polyphase regulator combines two auto 
transformers connected in open delta, 
with a rotating snap switch mounted on 
i sleeve between the transformer cores 
General Electric Co.., Schenectady, N. Y 





